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Outline    
 Status of code validation using BFBT Data 
• Validation of ATHLET using the BWR NUPEC BFBT tests 
for void fraction and critical power. 
 Modeling of the Oskarshamn-2 core with ATHLET 
• Development of an integral plant model of the 
Oskarshamn-2 plant for the analysis of an ATWS transient 
(consistent with ATHLET input in WP1.3 - D13.21). 
 Modeling of the Oskarshamn-2 core with subchannel 
codes 
• Input decks for COBRA-TF, SUBCHANFLOW, FLICA4 
developed and successfully tested. 
 Conclusion & Outlook 
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ATHLET: Main Features 
ATHLET (Analyse der Thermohydraulik für LEcks und Transienten) 
 
ATHLET 
DRUFAN NEUKIN HECU GCSM 
• Special 
models 
e.g. 
critical 
flow, 
reflood  
Fluid dynamics 
Neutron 
kinetics 
Thermodynamics 
• Reactor 
control 
•  Reactor 
protection 
systems 
•  Component 
models 
1D 2-Phase Flow 
Point Kinetics 
1D kinetics 
Flexibe heat 
transfer models 
• Graphical 
interface for 
input and  
output  
 
• Online 
visualization 
ATHLET: Analysis of Transients as well as LOCAs  of Light 
Water Reactors (PWR, BWR, VVER, RBMK) 
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ATHLET validation using the BFBT data 
 The validation of ATHLET using the experimental 
BFBT NUPEC data base has been conducted for void 
distribution and pressure drop. 
 From the OECD/NEA BFBT benchmark, several 
exercises have been modeled. 
 Phase I – Void distribution benchmark. 
• Exercise 1: Steady-state sub-channel grade benchmark 
• Exercise 3: Transient macroscopic grade benchmark 
 Turbine trip and pump trip 
 Phase II – Critical power benchmark. 
• Exercise 0: Steady-state pressure drop benchmark 
 Single phase and two phase 
NURESAFE-SP3 Open Seminar, 16-17 June, Budapest 
6 
BFBT : BWR Full-Size Fine-Mesh Bundle Test 
 NUPEC BFBT experimental facility. 
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BFBT Model with ATHLET (1) 
 
 
 
 
 
 
   
ATHLET Nodalization 
Fluid 
Fuel rod simulator 
Inlet BC: G and Tin 
Outlet BC: 
 Press 
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ATHLET validation using the BFBT data 
Test no. Pressure [MPa] Flow rate [t/h] Inlet sub-cooling [kJ/kg] Power [MW] Exit quality [%] 
0011-55 7.18 54.0 52.6 1.9 5.0 
0011-58 7.17 54.9 51.0 3.51 12.0 
0011-61 7.21 54.8 50.9 6.44 24.9 
0021-16 7.19 54.9 54.0 1.91 4.8 
0021-18 7.17 54.9 49.8 3.51 12.1 
0021-21 7.18 54.9 51.4 6.45 24.9 
0031-16 7.18 55.0 52.4 1.92 4.9 
0031-18 7.18 54.8 50.0 3.52 12.1 
0031-21 7.17 54.9 49.4 6.45 25.0 
1071-55 7.19 54.6 52.8 1.92 4.9 
1071-58 7.16 55.1 50.3 3.52 11.9 
1071-61 7.20 54.7 51.8 6.48 25.1 
4101-53 7.16 55.0 50.2 2.0 1.24 
4101-55 7.20 54.6 52.9 1.92 5.0 
4101-58 7.15 54.6 50.6 3.52 12.1 
4101-61 7.18 54.7 52.5 6.48 25.1 
 BFBT Phase I Steady State experiments. 
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ATHLET  Validation based on BFBT Data 
 Except for a few cases where the predictions are quite 
off from the measurements, in general ATHLET is able 
to predict the void fraction within ±10% for all the cases. 
NURESAFE-SP3 Open Seminar, 16-17 June, Budapest 
10 
ATHLET  Validation based on BFBT Data 
 ATHLET results versus the measured void fraction by 
the CT-Scanner at the outlet of the bundle. 
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ATHLET  Validation based on BFBT Data 
 BFBT Phase I – Transient experiments. 
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Test no. 
Pressure 
[MPa] 
Power 
[MW] 
Flow rate 
[t/h] 
Inlet temperature 
[Celsius] 
Outlet quality 
[%] 
Transients 
4102-001~009 7.16 4.5 55 279 18 
Turbine trip 
w/o bypass 
4102-019~027 7.2 4.5 55 279 18 
Re-circulation 
pump trip 
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ATHLET Results for the turbine trip 
 ATHLET turbine trip total 
bundle pressure drop 
versus experimental values. 
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 ATHLET turbine trip 
void fraction versus 
experimental values. 
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ATHLET Results for the pump trip 
 ATHLET pump trip total 
bundle pressure drop 
versus experimental values. 
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 ATHLET pump trip 
void fraction versus 
experimental values. 
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ATHLET validation using the BFBT data 
 BFBT Phase II Single-Phase pressure drop. 
 From the 36 available experiments in the benchmark 
data base, 15 cases have been selected. 
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Experiment Number 
Outlet Pressure 
[MPa] 
Inlet Temp. 
[deg-C] 
Flow Rate 
[ton/h] 
Re x104 
P70002 0,2 38,5 14,5 0,8 
P70004 0,2 38,4 24,9 1,38 
P70007 0,2 36,2 39,7 2,11 
P70010 0,2 41,4 59,8 3,5 
P70012 0,2 44,4 69,2 4,28 
P70014 0,99 176,5 14,9 3,7 
P70016 0,98 176,2 24,8 6,15 
P70019 0,99 176 39,8 9,86 
P70022 0,98 175,3 59,8 14,75 
P70024 0,98 175,1 69,8 17,2 
P70026 7,15 285,5 15,4 6,13 
P70028 7,16 285,1 24,9 9,91 
P70031 7,16 285,6 39,7 15,81 
P70034 7,15 284,8 59,7 23,74 
P70036 7,15 284,8 69,9 27,79 
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ATHLET Results for the single-phase 
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 The test data have been grouped into three different groups.  
 Each of them sharing the same pressure boundary 
conditions and showing an increasing mass flow rate within 
the series. 
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ATHLET Results for the single-phase 
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 ATHLET trends to over predict systematically the single-
phase pressure drop with an increasing mass flow rate. 
 In any case, the agreement with the measured data is very 
good. 
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ATHLET validation using the BFBT data 
 BFBT Phase II Two-Phase pressure drop. 
NURESAFE-SP3 Open Seminar, 16-17 June, Budapest 
Experiment 
Number 
Outlet Pressure 
[MPa] 
Inlet Temp. 
[deg-C] 
Inlet Subcooling 
[kJ/kg] 
Flow Rate 
[ton/h] 
Power 
[MW] 
P60001 7,16 277,3 53,3 20,2 0,863 
P60003 7,16 277,8 50,8 20,1 1,521 
P60005 7,16 277,7 51,1 20 2,357 
P60007 7,17 277,8 51,1 55 2,375 
P60009 7,17 277,8 51,1 55 4,197 
P60011 7,17 278 50,6 54,9 6,478 
P60013 7,16 278,4 47,2 69,9 3,022 
P60015 7,17 278,2 49,5 70 5,34 
P60017 7,16 277,8 51 45,1 1,919 
P60019 7,17 278,2 49,4 45 3,437 
P60021 7,16 277,8 50,8 45,1 5,312 
P60022 8,64 291,3 50,7 20,2 0,837 
P60023 8,63 291 52,3 20,2 1,464 
P60024 8,63 290,9 52,9 20,2 2,252 
P60025 8,64 291,3 51,3 55 2,271 
P60026 8,64 291 53 55,1 3,975 
P60027 8,64 291,2 51,5 55,1 6,137 
P60029 8,64 291,3 51,5 70,1 2,888 
P60030 8,64 291,2 51,4 70,2 5,076 
P60031 8,64 290,9 53 45,1 1,869 
P60032 8,63 291,2 51,3 45,2 3,262 
P60033 8,63 291,2 51,6 45,1 5,021 
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ATHLET Results for the two-phase 
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 The test data have been grouped into four different groups 
with regards to the mass flow rate. It ranges between 20, 45, 
55 and 70 ton/h. 
Pressure drop for cases with low mass flow rate (20 ton/h) Pressure drop for cases with nominal mass flow rate (55 ton/h) 
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ATHLET Results for the two-phase 
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 As it can be seen, a very good agreement is found for the 
two-phase pressure drop. 
 Almost all the points are within ±10% error bands. 
Pressure drop for cases with 45 and 70 ton/h mass flow rate Total pressure drop along the fuel bundle 
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Modeling of Oskarshamn-2 NPP with ATHLET 
 Using ATHLET Mod3.0 Cycle A for the WP1.3 and 
WP3.3 task. 
 COBRA-TF NURESAFE version distributed by GRS. 
 Non-Disclosure Agreement signed with OKG 
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ATHLET model for O-2 
 ATHLET input deck from D13.21 (GRS) 
• Modifications performed to use the point kinetic model. 
Model contains: Downcomer, Recirculation Loop and Pump, Lower Plenum,  
Steam Separator, Steam Dome, Core Model, Core Bypass, Steam Line. 
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Preliminary results for the SS at HFP 
 Results from ATLAS 
4560
4580
4600
4620
4640
4660
4680
4700
4720
4740
4760
4780
100 200 300
M
a
s
s
 F
L
o
w
 r
a
te
Time (s)
kg/s   CORESUM - NODE1 GOCOR
7,0370E+06
7,0380E+06
7,0390E+06
7,0400E+06
7,0410E+06
7,0420E+06
100 200 300
P
a
Pa   TFCORE101 - NODE1 PRESS
Time (s)
269.8
269.9
270.0
270.1
270.2
270.3
100 200 300
T
e
m
p
e
ra
tu
re
 C
Time (s)
C   TFCORE101 - NODE1 TL
Steady State convergence achieved after 300s  
 
NURESAFE-SP3 Open Seminar, 16-17 June, Budapest 
24 
Preliminary results for the SS at HFP 
 Comparison of values against measured data. 
• Using a simple point kinetics model imposing the nominal 
power and no reactivity insertion. 
Parameter Benchmark 
ATHLET 3.0 deviations with 
regards to the measured data 
Steam dome pressure Ref. -0.375% 
Feedwater Temperature Ref. -0.049% 
Core Inlet Temperature Ref. -0.760% 
Total Core Flow Rate Ref. 1.234% 
Steam Flow Rate Ref. 0.597% 
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 Deviation =
𝑀𝑒𝑠𝑠𝑢𝑟𝑒𝑑 − 𝐴𝑇𝐻𝐿𝐸𝑇
𝑀𝑒𝑠𝑠𝑢𝑟𝑒𝑑
∗ 100 
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O2 Modeling with subchannel codes 
 Oskarshamn-2 Core has being modeled with COBRA-
TF, SUBCHANFLOW and FLICA4 (444 Channels) 
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O2 Modeling with subchannel codes 
 Code versus measured data comparison 
 
 
 
 
 
 
 
Parameter at HFP Benchmark SCF FLICA4 CTF 
Core outlet Temperature (K) Ref. +0.206% -0.05% +0.138% 
Average void fraction (-) Ref. -2.38% -7.14% -11.9% 
Void fraction at core outlet (-) - 0.7124 0.6698 0.7080 
Presure drop in the core (kPa) Ref. -1.95% -12.8% 16.34% 
Average flow velocity in the 
core (m/s) 
- 2.99 4.59 (Vap.) 
2.77 (Liq.) 
3.21 
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 Deviation =
𝑀𝑒𝑠𝑠𝑢𝑟𝑒𝑑 − 𝐶𝑂𝐷𝐸
𝑀𝑒𝑠𝑠𝑢𝑟𝑒𝑑
∗ 100 
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Results: Pressure drop 
Benchmark SUBCHANFLOW FLICA4 CTF 
Average Pressure 
drop in the core (kPa)  
Ref. -1.9% -12.8% +16.3% 
 3D Power distribution taken from converged steady 
state TRACE/PARCS 
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Results: Void fraction in channel 5 
 Very different onset of boiling 
 Effects of subcooled boiling are 
modeled differently 
Channel 5 
NURESAFE-SP3 Open Seminar, 16-17 June, Budapest 
30 
Results: Void fraction in channel 299 
Channel 299 
 Similar vapor volume fraction at the core 
outlet 
 The position of the spacers grids in FLICA 
and COBRA-TF can be seen clearly 
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Conclusions and Outlook 
 AHTLET validation using the BFBT data completed. 
• In overall, very good agreement with the measurements. 
 
 Verification of ATHLET model completed. 
 Good agreement between the ATHLET model and the measured 
data. 
 Extensions of the model to ATWS will be needed, add more 
components. 
 SUBCHANFLOW, COBRA-TF and FLICA4 model for O2 
core completed. 
 Good agreement between O2 reference values and predictions. 
 FLICA4 and SUBCHANFLOW models developed as a backup 
solution for O2. 
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Conclusions and Outlook 
 Integration and coupling of ATHLET and COBRA-TF in the 
SALOME platform are in a good progress (GRS). 
 Multi-scale TH simulation using ATHLET/CTF inside 
SALOME. 
 In the next months the coupling via ICOCO interface will 
be tested. 
 Application of the developed, and standalone tested, 
inputs decks to ATWS will follow within WP1.3 and WP3.3. 
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